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Introduction

Petroleum is a complex mixture of non-
aqueous and hydrophobic components like n-
alkane, aromatics, resins and asphaltenes.
Petroleum hydrocarbon continues to be used
as the principle source of energy and hence an
important global environmental pollutant. Apart
from accidental contamination of the
ecosystem, the vast amounts of oil sludge
generated in refineries from water oil separation
systems and accumulation of waste oily
materials in crude oil storage tank bottoms pose
great problems because of the expensive
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disposal methods (Ferrari et al., 1996;
Vasudevan and Rajaram, 2001). Despite
decades of research, successful bioremediation
of petroleum hydrocarbon contaminated soil
remains a challenge.

Microbial degradation appears to be the
most environmental friendly method for removal
of petroleum & hydrocarbon pollutants since
other methods such as surfactant washing and
incineration lead to introduction of more toxic
compounds to the environment. Microbial
degradation is the major mechanisms for the
elimination of spilled oil from the environment
(Colwell and Walker, 1977; Ibe and Ibe, 1984;
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Atlas, 1995). Hydrocarbon-degrading
microorganisms are widely distributed in marine,
freshwater, and soil ecosystems (Atlas and
Bartha, 1973). Although, hydrocarbon
degraders may be expected to be readily isolated
from petroleum oil – associated environment
(Ojo, 2005). Petroleum like all fossil fuels
primarily consists of a complex mixture of
molecules called hydrocarbons. In large
concentrations, the hydrocarbons molecules
that make up crude oil and petroleum products
are highly toxic to many organisms, including
humans (Alexander 1994). The dominance of
petroleum products in the world economy
creates the conditions for disturbing large
amount of these toxins into polluted areas and
ecosystems around the globe (Ojumur, 2004).
The ability to actively decompose specified
fractions of petroleum oil is expressed by many
microorganisms (Bartha and Atlas, 1977).

The ability of diverse microbial population
to synthesize hydrocarbons has been known
since the 19th century (Rose, 1979). More than
100 species representing about thirty genera
have been identified. These include mostly
bacteria, actinomycetes, yeasts, and
filamentous fungi (Atlas, 1992). Biodegradation
of hydrocarbon-contaminated soils, which
exploits the ability of micro-organisms to
degrade and/or detoxify organic contamination,
has been established as an efficient, economic,
versatile and environmentally sound treatment.
The extent of hydrocarbon biodegradation in
contaminated soils is critically dependent upon
three factors:

a) The creation of optimal
environmental conditions to stimulate
biodegradative activity.

b) The predominant Petroleum
hydrocarbon types in the contaminated
matrix.

c) The bioavailability of the
contaminants to micro-organisms.

The aim of this study is to evaluate the
biodegradation of Petroleum hydrocarbons by
inoculums addition to the soil where the
indigenous population of hydrocarbon degrading
micro-organisms is small, and to evaluate the
soil dehydrogenase activity within the
biodegradation period.
Material and Methods

Sample - Petroleum contaminated soil
used for this investigation was collected from
the nearby Indian Oil, Hospital Sector, Bhilai.
The hydrocarbons namely Petrol, Diesel,
Unspent Engine Oil, and Kerosene were
collected from the nearby Petrol Station and
Benzene, Toluene, n-hexane were obtained
from the institute.

Media - Nutrient Agar was used to isolate
these organisms from Petroleum contaminated
soil and Minimal Salt Agar and Broth Medium
were used for screening of these bacteria for
biodegradation of hydrocarbon.

Isolation and characterization of
hydrocarbon-degrading micro-organisms -
The bacterial species from petroleum
contaminated soil sample were isolated by
spread plate technique using 0.1 ml aliquots of
appropriate dilution into nutrient agar plates.
Individual cultures were identified by
morphological and biochemical techniques using
the taxonomic scheme of Bergey’s Manual of
Determinative Bacteriology (Holt et al, 1994).
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Pure Cultures of the Micro Organisms

       

Fig - 1 Pseudomonas fluorescence
Fig – 2 Bacillus megaterium

Fig – 3 Streptomyces griseus Fig – 4 Corynebacterium

Confirmatory test for Hydrocarbon Uti-
lization Potentials of the Isolated Micro Or-
ganisms - The Minimal Salt Agar Plate con-
taining 4.0g of NaNO3, 0.1g of MgSO4, 5.0g
of KCl, 6.0g of Na2HPO4, 3.0g of KH2PO4

and 18.0g of Agar per 1000ml of sterile distil
water were dissolved separately in double dis-
tilled water and were autoclaved at 121ºC, 15
lbs pressure for 15-20 minutes. After steriliza-
tion, all the constituents were mixed properly
and were allowed to cool for a while and then
0.1% of each of hydrocarbon was added in
each of the flasks and named accordingly. Af-
ter solidification, the plates were inoculated with
pure cultures of the organisms and were kept
for incubation at 37°C for 10-15 days and ob-
served.

Zone of Degradation by some of the
microorganisms
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Table –1 Screening of Bacteria and Fungi for biodegradation for hydrocarbon.
Micro organisms Benzene Toluene Petrol Diesel n-hexane Kerosene O i l

B.megaterium + + ++ + ++ + ++ + ++ + + + + ++ + ++ + ++ + ++ + + + ++ ++ ++ ++ + +++++ + ++ ++ ++ ++ + + +
Corynebacterium +++++ +++++ ----- +++++ ----- - -
P.fluorescence + + ++ + ++ + ++ + ++ + + + + ++ + ++ + ++ + ++ + + + + ++ + ++ + ++ + ++ + + + ++ ++ ++ ++ + + + ++ + ++ + ++ + ++ + + ++ +

S.griseus + + ++ + ++ + ++ + ++ + + + + ++ + ++ + ++ + ++ + + + + ++ + ++ + ++ + ++ + + + + ++ + ++ + ++ + ++ + + + + ++ + ++ + ++ + ++ + + +++ +++

Growth of bacterial isolates on
hydrocarbon substrate - The enrichment
procedure used in the estimation of
hydrocarbon utilisers contains minimal salt broth
which includes  0.1g of  MgSO

4
, 0.002g of

CaCl
2
, 1.6g of  Na

2
HPO

4,
 0.3g of KH

2
PO

4 
and

2.6g of (NH
4
)

2
SO

4 
in 1000ml of distil water.

The broth was poured in tubes (5 ml each).
For each hydrocarbon 4 tubes were prepared
and sterilized. After sterilization, 0.1% of each
hydrocarbon was added and the tubes were
named accordingly. Each of the tubes was

plugged with sterile cotton wool wrapped with
aluminium foil so as to ensure maximum
aeration and prevents cross contamination. The
tubes were inoculated with the cultures and
were kept for incubation at 370C for 5 days.
The ability to degrade the petroleum products
(based on the growth rate of the organisms in
the Minimal salt broth medium) was measured
every day till 5th day, which is based on turbidity
of the medium. The turbidity was measured
using the spectrophotometer. Absorbance was
taken at 600 nm.

Graph
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Result and Discussion—Micro-
organisms play an important role in the
degradation of hydrocarbons. The
morphological and biochemical characterization
of the bacterial isolates obtained from the
petroleum contaminated soil revealed the
following genera Pseudomonas, Bacillus,
Corynebacterium, and Streptomyces. All
isolated strains were screened for the ability
of utilizing hydrocarbons including Petrol,
Diesel, Kerosene, Engine oil, Benzene,
Toluene, and n-hexane.

These isolates were able to grow on
hydrocarbon as the sole source of carbon and
energy when screened for hydrocarbon
utilization. A zone of degardation or zone of
hydrolysis is observed surrounding the bacterial
growth, indicates the utilization of carbon
source obtained from petroleum products
(Table 1). The following sequence of the
organisms shows the potential to degrade and
form the zone in the decreasing manner:-

S. griseus > P. fluorescence > B.
megaterium > Corynebacterium.

The growth rate of each organism has
different maximum growth peaks. There were
fluctuations in the growth of each organism.

The growth pattern of bacteria in Petrol
and Minimal salt broth is represented in graph
– 1. S. griseus had maximum growth peak on
the 2nd day at optical density 1.208 and B.
megaterium had lowest growth peak on the
same day at optical density 0.153. On the 5th

day of incubation, S. griseus had highest growth
peak at optical density 1.122, followed by
Corynebacterium at 0.517, B. megaterium at
0.434 and P. fluorescence at 0.406. S. griseus
had highest ability to degrade petrol while P.
fluorescence had the least ability.

The growth pattern of bacteria in Diesel
and Minimal salt broth is represented in graph

–2. S. griseus had maximum growth peak on
the 2nd day at optical density 1.329 and P.
fluorescence had the lowest growth peak on
the same day at optical density 0.334. On the
5th day of incubation, S. griseus had the highest
growth peak at optical density 1.224, followed
by B. megaterium at 0.949, Corynebacterium
at 0.914 and P. fluorescence at 0.620. S. griseus
had the highest ability to degrade diesel while
P. fluorescence had the least ability.

The growth pattern of bacteria in uspent
engine oil and Minimal salt broth is represented
in graph –3. S. griseus and Corynebacterium
had maximum growth peak on the 4th day at
optical density 1.112 and 1.122 respectively. P.
fluorescence had the lowest growth peak on
the 2nd day at optical density 0.127. On the 5th

day of incubation, S. griseus had the highest
growth peak at optical density 1.125, followed
by Corynebacterium at 1.106 B. megaterium
at 0.743 and P. fluorescence at 0.279.
Corynebacterium had the highest ability to
degrade unspent engine oil while P.
fluorescence had the least ability.

The growth pattern of bacteria in kerosene
and Minimal salt broth is represented in graph
– 4. B. megaterium had maximum growth peak
on the 4th day at optical density 1.287 and P.
fluorescence had lowest growth peak on the
2nd day at optical density 0.185. On the 5th day
of incubation, B. megaterium had highest
growth peak at optical density 0.978, followed
by S. griseus at 0.908, Corynebacterium at
0.767 and P. fluorescence at 0.375. B.
megaterium had the highest ability to degrade
kerosene while P. fluorescence had the least
ability.

The growth pattern of bacteria in Benzene
and Minimal salt broth is represented in graph
– 5. S. griseus had maximum growth peak on
the 1st day at optical density 0.839 and
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Corynebacterium had lowest growth peak on
the same day at optical density 0.305. On the
5th day of incubation, S. griseus had highest
growth peak at optical density 0.742, followed
by B. megaterium at 0.696, Corynebacterium
at 0.563 and P. fluorescence at 0.446. S. griseus
had the highest ability to degrade benzene while
P. fluorescence had the least ability.

The growth pattern of bacteria in toluene
and Minimal salt broth is represented in graph
– 6. S. griseus had maximum growth peak on
the 4th day at optical density 1.343 and P.
fluorescence had the lowest growth peak on
the 2nd day at optical density 0.128. On the 5th

day of incubation, S. griseus had highest growth
peak at optical density 1.271, followed by B.
megaterium at 1.224, Corynebacterium at 0.710
and P. fluorescence at 0.088. S. griseus had
the highest ability to degrade toluene while P.
fluorescence had the least ability.

The growth pattern of bacteria in n-hexane
and Minimal salt broth is represented in graph
– 7. S. griseus had maximum growth peak on
the 5th   day at optical density 0.904 and. P.
Fluorescence had lowest growth peak on the
2nd day at optical density 0.011. On the 5th day
of incubation, S. griseus had highest growth
peak at optical density 0.904, followed by B.
megaterium at 0.760, Corynebacterium at 0.294
and P. fluorescence at 0.082. S. griseus had

the highest ability to degrade n-hexane while
P. fluorescence had the least ability.

Results presented in this study show that
the utilization of the different hydrocarbons
used namely - Petrol, Diesel, Engine Oil,
Kerosene, Benzene, Toluene and       n-hexane
vary widely among the bacteria isolated. This
was probably due to the difference in growth
rates of each bacterium. With each bacterium
attaining a maximum growth result peak and
declining after some days, probably as a result
of exhaustion of nutrients and release of toxic
materials into the medium. This might be due
to the fact that that the bacteria isolated were
able to use the hydrocarbons as substrate for
growth by probably releasing extra cellular
enzymes and acids which are capable of
breaking down the recalcitrant hydrocarbon
molecules, by dismantling the long chains of
hydrogen and carbon, there by converting
petroleum into simpler forms or products that
can be absorbed for the growth and nutrition
of the bacteria. Shaw (1995) found that
organisms break down hydrocarbons and use
the energy to synthesize cellular components.
After being completely broken down, the
reaction releases Carbon (IV) oxide, water and
energy used to create cellular biomass (Keeler,
1996). Hence bacteria isolated can be exploited
in the biodegradation of petroleum products.
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